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METHOD AND EQUIPMENT FOR
PRODUCING COKE DURING INDIRECTLY
HEATED GASIFICATION

TECHNICAL AREA OF THE INVENTION

The present invention refers to a method for producing
coke during indirectly heated gasification, in which coal par-
ticles are supplied to a gasification reactor and process gas
supplied during the gasification is reduced in it to synthesis
gas, whereby the synthesis gas is removed from the gasifica-
tion reactor. The invention also relates to equipment for car-
rying out the method.

PRIOR ART

Coal is a basic substance that is our most important energy
source but also an important chemical in many types of pro-
cesses. The strong reduction potential of coal is used in, e.g.,
metallurgical processes where iron ore is reduced with coal.
Furthermore, the recovery of oxidic residual material from
the steel industry is an example of the use of coal. These
processes are currently primarily based on fossil coal that is
pre-treated in order to obtain the proper strength and proper-
ties for the process in, for example, coke furnaces. The emis-
sion of carbon dioxide from these types of processes should
be able to be reduced if renewable coal (based on biomass) is
able to be introduced. This patent describes a method for the
production of coal/coke for application as, e.g., reduction
agent by the carburization of coal during the indirectly heated
gasification of biomass.

Gasification is a process for producing gaseous fuel from
solid fuel. The technology is used for coal, residual coal
products, petroleum residues, waste and biomass. The reac-
tions are based on the fact that oxidizing gases (e.g., CO2 and
H20) are heated and react with coal (|C] reducing agent),
during which carbon monoxide (CO) and hydrogen gas (H2)
are formed in that heat is used to drive the reactions, that are
endothermic. The gaseous mixture of carbon monoxide (CO)
and hydrogen gas (H2) is usually called synthesis gas.

A customary way to gasify is to burn coal in a heavily
sub-stoichiometric manner under the supplying of overheated
steam. The combustion supplies heat and waste combustion
gases (CO, and H,0) to the equipment. Coal which is not
burnt but now overheated reacts with waste gases and sup-
plied steam. The coal (C) reduces carbon dioxide (CO,) to
carbon monoxide (CO) and water vapour (H,O) to hydrogen
gas (H2). The heat that is used lowers the temperature and the
reactivity decreases. The reactivity for coal is heavily tem-
perature-dependent while the equilibrium for the reactions is
temperature-dependent. Combustion based on oxygen gas is
currently the dominant method for burning in conjunction
with gasification even though air-based combustion occurs.

The problem with the gasification of coal, residual coal
products, petroleum residues, waste and biomass is that they
are not homogeneous material but rather components with
different weights (tar) and complicated components (aromat-
ics) are released during the reaction. These components can-
not be reliably reacted but rather have to be separated subse-
quently before the synthesis gas can be used or further refined
to liquid hydrocarbons or other fuels.

These components with different weights (tar) and com-
plicated components (aromatics) can be separated by pyrol-
ysing coal, residual coal products, petroleum residues, waste
and biomass before the gasification reaction. The pyrolysis
product now obtained and consisting of condensable products
and gases can be used as fuel in the gasification process. In the
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gasification described above the pyrolysis reaction is a part of
the process. However, the components with different weights
(tar) and complicated components (aromatics) are in the same
reactor as the synthesis gas that is desired from the process.
The consequence of this is that the handling of components
with different weights (tar) and complicated components
(aromatics) becomes a limiting factor for how eftective the
gasification process can become without physical problems
such as condensation, cladding and the like occurring in the
reactor itself.

An apparatus and a method for the reactivation of active
coal are previously known from U.S. Pat. No. 4,007,014. The
apparatus comprises a retort reactor and an inner reactor to
which activated coal is supplied, whereby the supplied, acti-
vated coal is reactivated in that reactor gas in the form of
steam is brought in contact with activated coal passing down
into the inner reactor. In order that the reactor gas can be able
to come into the inner reactor, the reactor is provided with
openings in its jacket surface, i.e., an exchange of gas takes
place between the retort reactor and the inner reactor. This is
quite the contrary to one of the basic principles of the present
invention.

A method and equipment for the production of synthesis
gas is previously known from SE 532711, whereby an indi-
rect heating up of a reactor takes place via burners present in
the reactor.

OBIECTS AND FEATURES OF THE INVENTION

A primary object of the present invention is to indicate a
method and equipment where the problems with the purifi-
cation of synthetic gas and physically limiting phenomena in
accordance with the above can be managed by using an indi-
rectly heated gasification reactor.

The simultaneous carburization of coal during indirectly
heated gasification means that heat for the carburization can
be obtained from the reactor for the gasification process. A
heating reactor designed for the purpose and with a separate
flow is arranged in the gasification reactor. The heating reac-
tor for the coal is indirectly heated by radiation inside the
gasification reactor. The coal is fed into the top of this inner
heating reactor in order to be heat-treated to a high tempera-
ture in the gasification reactor before the coal, which is now
coked, is fed out at the bottom. The gases travel upwards
through the reactor and the coal downwards. This counterflow
movement equalizes the temperature and variations in the
composition in the reactor. Heavier components like aromat-
ics can be cracked to smaller molecules by virtue of the high
temperature in the reactor. The combustible gases from the
coking are returned and mixed with the fuel gases which the
pyrolysis of the biomass gave off. The entire fuel-gas volume
can be used for the heating requirement of drying, pyrolysis,
coking and gasification. If any excess is produced, it can
advantageously be used for further energy requirements or
the like.

The objects and the features of the invention are realized by
a method and equipment that have been given the features of
the following independent claims. Preferred embodiments of
the invention are defined in the dependent claims.

BRIEF DESCRIPTION OF THE FIGURES

A preferred embodiment in accordance with the invention
is described below with reference made to the attached draw-
ings, in which:
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FIG. 1 shows a flowchart for a preferred method in accor-
dance with the present invention, which flowchart also sche-
matically shows units that form an equipment for carrying out
the method.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT IN ACCORDANCE WITH THE
INVENTION

FIG. 1 schematically shows a number of units that form the
equipment for carrying out the method. The lines, pipes, etc.
that couple the equipment’s units together are not described
or shown in detail. The lines, pipes, etc. are suitably formed
for carrying out their function, i.e., to transport the gases and
solid substances between the equipment’s units.

FIG. 1 shows an indirectly heated gasification reactor 1 that
is normally a ceramically lined reactor. The reactor is formed
in such a manner that it can gasify and coke coal particles C in
two separate flows C, and C,. Therefore, an inner reactor 4 for
coking the coal was introduced into the gasification reactor 1.
Solid coal particles are supplied partially to the inner reactor
4 via flow C, and partially to gasification reactor 1 via flow C,
together with the process gas P through an injection nozzle 5.
The coal particles C come from a pyrolysis that precedes the
gasification. The size of the coal particles C in the flow C, is
preferably sufficient so that they can be carried by an incom-
ing gas current with process gas P into the gasification reactor
1. The coal particles to the inner reactor 4 are normally larger
than those in the outer gasification reactor 1. The process gas
P can be steam or recovered or purified waste gas A from the
combustion stage. The coking in the inner reactor 4 decreases
the amount of coal in this flow in that combustible gases
similar to pyrolysis gas but with a composition that is con-
trolled by the reactor temperature, which is now significantly
higher, are formed. The rise in temperature at 300° C. to 700°
C. for the coal in the inner reactor 4 above the temperature in
the previous pyrolysis is expected to reduce the solid coal
component by 10 to 35%.

If'the process gas P is recovered waste gas A, it can contain
water vapour (H20) and carbon dioxide (CO2). The process
gas P is preheated from heat extracted from outgoing syn-
thetic gas S in heat exchanger 2. The reaction that takes place
in gasification reactor 1 is when flow C,, that is injected
through the injection nozzle 5, reduces the content in the
process gas P (H20 and CO2)to synthetic gas S (H2 and CO),
which consumes the heat supplied to the process by burners
Br 1 to Br n. The coking reaction takes place in parallel in the
inner reactor 4 by the supplying of heat from burner Br 1 to Br
n via the ongoing gasification process.

Gasification reactor 1 is heated indirectly by burners Br1to
Br n (where n designates the number of burners necessary for
the gasification reactor 1). The inner reactor 4 is heated in the
same indirect manner by Br 1 to Br. n. Heat is supplied to the
gasification reaction by radiation from Br 1 to Br n, where the
combustion takes place inside radiation tubes, i.e., separated
from the gasification flow. No direct exchange of gas takes
place in the gasification reactor 1 between Br 1 to Brn and the
process gas P or its reaction products. The inner reactor 4 also
has no exchange of gas with the gasification process ongoing
in the gasification reactor 1.

The burners Br 1 to Brn are supplied with fuel F preferably
from an earlier pyrolysis step of a material containing coal.
Oxidation agent O in the form of air, air enriched with oxygen
gas or pure oxygen gas is supplied to the combustion. Heat
exchanger 3 extracts the heat from outgoing waste gases A
and preheats incoming oxidation agent O. Waste gases A goto
the flue gas purification, where requirements concerning
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emissions for the process are met with cyclones, catalytic
purification, filters (electrical or textile) and scrubbers as
required by the incoming coal-containing material.

The coal C comes from an earlier pyrolysis step and con-
tains remnants of ash. By controlling the temperature in the
gasification reactor 1 to either below (or above) the melting
temperature for the ash, it can preferably be removed by a
subsequent high-temperature cyclone (or in a flowing form
such as slag).

Outgoing synthesis gas S can be used as energy gas for
combustion purposes or as a base for further refinement to
liquid fuels (Fischer Tropsch for typical vehicle fuels, ethanol
production or the like).

The pressure in the gasification reactor 1 can be controlled
from atmospheric pressure to much higher pressures (>100
bar (g)).

The temperature in the gasification reactor 1 and the inner
reactor 4 is controlled so as to achieve the best yield of
synthesis gas S and coke PC. A typical value is within the
interval of 750-1300° C.

An alternative execution of the indirect heating of the pro-
cess gas P and the coal C can be arranged in a tube system
inside a reactor where the combustion takes place in such a
reactor and in this case the tube system becomes the gasifi-
cation reactor 1 and inner reactor 4. The design can be con-
sidered to be a furnace more than anything else but with a
differently higher temperature.

The geometry for gasification reactor 1 is controlled from
the requirement of the reaction time in the gasification pro-
cess, which for its part is controlled by the temperature
selected. The geometry for the inner reactor 4 is controlled
from the mass flow of coal to the coking and the requirement
of heating up and the holding time for the coal to coke at the
temperature selected for reactor 1. The geometry can be rota-
tionally symmetrical in a tubular form where a very compact
gasification process can be achieved to a more voluminous
design similar to a furnace, and then without the requirement
to be rotationally symmetrical. The size of the reactors can be
designed from a small scale to a very large industrial scale.

The synthesis gas S (H2 and CO) from the gasification
reactor 1 contains up to 60% hydrogen gas and the remainder
carbon monoxide, carbon dioxide or methane based on the
composition of incoming process gas P.

The degree of thermal efficiency of an indirectly heated
gasification reactor with an inner reactor for the coking of
coal becomes very high, and, including the previous pyrolysis
step and the necessary drying, can achieve up to 80% thermal
efficiency for such integrated equipment.

The invention claimed is:
1. A method for producing coke during indirectly heated
gasification, comprising:

supplying coal particles to a gasification reactor;

supplying process gas during the gasification, the process
gas being reduced to synthesis gas (S); and

removing the synthesis gas from the gasification reactor,
wherein

at the same time a gasification takes place, a coking of coal
takes place in an inner reactor arranged vertically inside
the gasification reactor, the inner reactor is indirectly
heated, coke and combustible gases are produced in the
inner reactor during the coking, and the combustible
gases are used for the indirect heating in the gasification
in the gasification reactor, and during the production of
coke and combustible gases in the inner reactor the coal
travels downwards in the inner reactor and the combus-
tible gases travel upwards in the inner reactor.
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2. The method according to claim 1, wherein the process
gas is preheated by heat exchange of the synthesis gas.

3. The method according to claim 1, wherein the inner
reactor is indirectly heated.

4. The method according to claim 1, wherein during the
coking the coal gives off combustible gases that are utilized.

5. The method according to claim 1, wherein the tempera-
ture in the gasification reactor and the inner reactor is within
the interval of 750°-1300° C.

6. The method according to claim 1, the pressure in the
gasification reactor can be controlled from atmospheric pres-
sure to a pressure above 100 bar.

7. An apparatus for producing coke during indirectly
heated gasification, comprising:

a gasification reactor;

burners arranged in the gasification reactor that generate

radiant heat;
an injection nozzle for supplying coal particles and process
gas to the inside of the gasification reactor, that a

an inner reactor arranged vertically in the gasification reac-
tor, and that the inner reactor being formed in such a
manner that coal particles pass the inner reactor during
coking,
means for conducting combustible gases produced during
the coking from the inner reactor to the burners, wherein

the apparatus is configured that during the production of
coke and combustible gases in the inner reactor the coal
travels downwards in the inner reactor and the combus-
tible gases travel upwards in the inner reactor.
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8. The apparatus according to claim 7, wherein the inner
reactor has a supply end for coal particles located outside of
the gasification reactor and that the inner reactor has a dis-
charge end for the coked coal located outside of the gasifica-
tion reactor.

9. The apparatus according to claim 7, wherein the appa-
ratus further comprises a first heat exchanger for heating
process gas and cooling synthesis gas.

10. The apparatus according to claim 9, wherein the appa-
ratus further comprises a second heat exchanger that extracts
heat from waste gases from the combustion in the burners.

11. The apparatus according to claim 8, wherein the appa-
ratus further comprises a first heat exchanger for heating
process gas and cooling synthesis gas.

12. The apparatus according to claim 11, wherein the appa-
ratus further comprises a second heat exchanger that extracts
heat from waste gases from the combustion in the burners.

13. The method according to claim 2, wherein the inner
reactor is indirectly heated.

14. The method according to claim 1, wherein the process
gas is steam or recovered or purified waste gas from a com-
bustion stage.

15. The method according to claim 1, wherein the synthesis
gas contains up to 60% hydrogen gas with the remainder
being carbon dioxide, carbon dioxide or methane.

16. The method according to claim 1, wherein thermal
efficiency of up to 80% is achieved.
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